Caribbean basin tropical cyclone activity shows significant variability on interannual as well as multidecadal time scales. Comprehensive statistics for Caribbean hurricane activity are tabulated, and then large-scale climate features are examined for their impacts on this activity. The primary interannual driver of variability is found to be El Niñ o-Southern Oscillation, which alters levels of activity due to changes in levels of vertical wind shear as well as through column stability. Much more activity occurs in the Caribbean with La Niñ a conditions than with El Niñ o conditions. On the multidecadal time scale, the Atlantic multidecadal oscillation is shown to play a significant role in Caribbean hurricane activity, likely linked to its close relationship with multidecadal alterations in the size of the Atlantic warm pool and the phase of the Atlantic meridional mode. When El Niñ o-Southern Oscillation and the Atlantic multidecadal oscillation are examined in combination, even stronger relationships are found due to a combination of either favorable or unfavorable dynamic and thermodynamic factors. For example, 29 hurricanes tracked into the Caribbean in the 10 strongest La Niñ a years in a positive Atlantic multidecadal oscillation period compared with only two hurricanes tracking through the Caribbean in the 10 strongest El Niñ o years in a negative Atlantic multidecadal oscillation period.
Introduction
Tropical cyclones are a frequent occurrence in the Caribbean basin, and these systems can often have devastating impacts. Some of the most devastating hurricanes of all time have occurred in the Caribbean, including the deadliest hurricane of all time (the Great Hurricane of 1780, which killed 22 000 people); Hurricane Mitch (1998), which was responsible for approximately 9000 deaths (Guiney and Lawrence 1999); and Hurricane Fifi (1974) and the Dominican Republic Hurricane of 1930-each responsible for approximately 8000 deaths (Rappaport and Fernandez-Partagas 1994) .
Recently, Hurricane Gustav (2008) was responsible for 100 deaths in Haiti, Jamaica, and the Dominican Republic (Beven and Kimberlain 2009) and is estimated to have incurred $210 million in damage in Jamaica, and Hurricane Ike (2008) a few weeks later was even more devastating, with $3-$4 billion in damage caused in Cuba alone (Berg 2009 ). Hurricane Jeanne made landfall in the Dominican Republic in 2004, and flooding associated with this system triggered devastating mudslides that were responsible for over 3000 deaths in Haiti (Beven 2004) .
Large-scale climate features such as the El Niñ oSouthern Oscillation (ENSO) (Gray 1984; Goldenberg and Shapiro 1996; Wilson 1999; Klotzbach 2007) , the Atlantic meridional mode (AMM) Vimont and Kossin 2007) , and the Atlantic multidecadal oscillation (AMO) (Goldenberg et al. 2001; Klotzbach and Gray 2008) have all been shown to have significant impacts on Atlantic basin tropical cyclones. More active seasons are associated with La Niñ a conditions, a positive phase of the AMM, and a positive phase of the AMO.
The primary reasons why ENSO is thought to impact Atlantic basin tropical cyclone activity is through alterations in vertical wind shear (e.g., Gray 1984) along with alterations in fluctuations in tropospheric and surface temperature (Tang and Neelin 2004) . Because tropospheric temperature anomalies tend to lead surface temperature anomalies by several months, the potential intensity (Emanuel 1986 ) for tropical cyclone formation tends to be lower following an El Niñ o onset, as upper-level temperatures warm prior to sea surface temperatures (Wallace et al. 1998) . Consequently, the likelihood of an active season is reduced with warm ENSO conditions. Recent research has extended these basinwide studies on ENSO to localized areas. For example, Bove et al. (1998) found an increased likelihood of United States landfall in La Niñ a years and a decreased likelihood in El Niñ o years. Smith et al. (2007) found that landfall frequencies in La Niñ a years were significantly enhanced along the U.S. East Coast when compared with neutral years, whereas little change was seen between La Niñ a years and neutral years for Gulf Coast or Florida landfalls. Pielke and Landsea (1999) , using data from 1925 to 1997, showed that the median normalized hurricane damage for the United States was much greater in La Niñ a years than in El Niñ o years.
Research on the impacts of various large-scale climate phenomena on Caribbean tropical cyclones is much more limited. Tartaglione et al. (2003) showed that probabilities of hurricane landfall in the Caribbean tend to be increased during the cold phase of ENSO, likely because of reductions in vertical wind shear and increases in lowlevel vorticity. They subdivided the Caribbean into three regions-northern, eastern, and western-and found a significant reduction of storm frequency in the northern Caribbean during El Niñ o years, while the frequency of storms in the eastern and western Caribbean was not altered significantly.
The AMM has been shown to impact Atlantic basin tropical cyclones through alterations in vertical shear, convergence, low-level vorticity, and sea surface temperature. While the AMM has its maximum amplitude during the spring months, it also appears as an important driver of Atlantic basin tropical cyclone activity during the late summer and early fall Vimont and Kossin 2007) .
Although ENSO and the AMM have fairly direct, well-documented relationships with Atlantic basin tropical cyclone activity, extensive examination of the physical reasoning why the AMO impacts Atlantic basin tropical cyclones has only occurred recently. The AMO has been hypothesized to be driven by fluctuations in the strength of the Atlantic thermohaline circulation, with a positive phase of the AMO associated with a stronger thermohaline circulation (Gray et al. 1997 ). Vimont and Kossin (2007) hypothesize that the AMO excites the AMM on decadal time scales. Wang et al. (2008) documented that the AMO is closely related to decadal fluctuations in the size of the Atlantic warm pool (AWP). Larger-than-normal areas of the AWP (defined as the area of water greater than 28.58C in the Caribbean Sea, Gulf of Mexico, and western North Atlantic) are associated with significantly more favorable dynamic and thermodynamic conditions for tropical cyclones. In the Caribbean, a larger-than-normal AWP is strongly positively correlated with a weaker subtropical high, consequently reducing the strength of the Caribbean low-level jet (Wang and Lee 2007) . In this analysis, we focus on the AMO as opposed to the AMM or AWP since the AMO signal is known months in advance. The AMM or AWP-although generally positive and larger, respectively, when the AMO is positive-can be of opposite sign for any particular year. For example, even though the AMO was positive in 2000 and an active hurricane season was experienced, the AMM was negative that year during August and September.
This paper goes beyond earlier research by tabulating probabilities of landfall based on climatological data for every island in the Caribbean and the east coast of Central America. This study then focuses on how Caribbean activity is altered by phase of ENSO and the AMO. Full-year hurricane statistics are utilized in this study to document the level of skill that would be available, given the knowledge of the AMO and a perfect forecast for August-October ENSO. The forecast skill of cutting-edge ENSO models from 1 June for AugustOctober is very high, with a correlation of 0.89 between forecasts and observations for the Niñ o-3.4 region for a 1 June forecast issued over the period from 1993 to 2007 from the EUROpean Seasonal to Inter-annual Prediction (EUROSIP) ensemble (F. Vitart, 2008, personal communication) .
The remainder of this paper is organized as follows. Section 2 discusses the data utilized. Section 3 displays climatological probabilities of landfall for each island in the Caribbean and for the east coast of Central America. Section 4 examines the relationship between ENSO and overall Caribbean basin activity, while section 5 examines the relationship between the AMO and overall Caribbean basin activity. Section 6 examines the combined impact of ENSO and the AMO on Caribbean basin activity, and section 7 completes the paper with conclusions and some ideas for future work.
Data
The source for all hurricane data utilized in this study is the National Hurricane Center Atlantic Tracks file database (Jarvinen et al. 1984) . This dataset contains 6-hourly estimates of wind speed and location for all tropical cyclones that occurred in the Atlantic basin from 1851 to 2009. The database is currently being reanalyzed as part of the Atlantic Hurricane Database Re-analysis Project, as documented in Landsea et al. (2004 Landsea et al. ( , 2008 , and this study incorporates the reanalyzed data from 1900 to 1920 as part of the climatological calculations, which are based on the period from 1900 to 2008. The geographical information system (GIS) version of the Atlantic Tracks file database is available from the National Oceanic and Atmospheric Administration (NOAA) Coastal Services Center (available online at http://csc-s-maps-q.csc.noaa.gov/hurricanes/download.jsp). For this analysis, the hurricane statistics associated with a particular year run from 1 February to 31 January, as storms that form in January are more likely associated with the climate conditions from the previous year (e.g., 2005).
The Hadley Centre Sea Ice and SST dataset version 1 (HadISST1) (Rayner et al. 2003) as calculated through the Climate Explorer (available online at http://climexp. knmi.nl/) is the SST dataset used for ENSO calculations. The August-October-averaged Niñ o-3.4 index (58S-58N, 1208-1708W) is utilized to define ENSO events over the period from 1900 to 2008 in this study, as it has been shown that the SST anomalies in this region have significant impacts on climate around the globe (Barnston et al. 1997) . The older HadISST1 dataset was utilized for ENSO calculations owing to its interpolation characteristics, since some data during the earlier part of the record were unavailable in the Second Hadley Centre SST dataset (HadSST2) dataset, which does not use interpolation.
The positive versus negative decades for the AMO were defined in the same way as done in Klotzbach and Gray (2008) 
Climatological Caribbean and Central American landfall probabilities
The calculation of climatological probabilities of landfall for various islands in the Caribbean and landmasses in Central America was undertaken using the ArcMap software available from the Environmental Systems Research Institute (ESRI). ArcMap is a widely used GIS tool that has numerous spatial calculation capabilities. In this paper, I used ArcMap to select the tracks of all tropical cyclones that tracked within 50 and 100 miles of each island/landmass in the Caribbean/Central America over the period from 1900 to 2008. The maximum intensity that was reached by the tropical cyclone when it was within 50 or 100 miles of the particular island/landmass was assigned as its landfall intensity.
The next step in this analysis was to translate the number of tropical cyclones impacting each island into an annual probability. Elsner and Schmertmann (1993) proposed using the Poisson distribution in forecasts of the annual number of Atlantic basin major hurricanes, since the Poisson distribution limits outcomes to individual nonnegative integers. Tartaglione et al. (2003) utilized the Poisson distribution when calculating probabilities of Caribbean landfall in their analysis, while Klotzbach and Gray (2009) utilize the Poisson distribution for issuing annual probabilities for U.S. landfall. I therefore utilize the Poisson distribution, defined as follows, when calculating landfall probabilities for various islands in the Caribbean and countries of Central America:
where EP is the expected probability, p is the annual average number of tropical cyclones that have occurred in the past 109 years, and x is any particular number of storms expected in the upcoming year. For example, the Poisson formula can tell you the probability of exactly zero, one, two, three, or more hurricanes for the upcoming year. Given this formula, probabilities of any specific number of tropical cyclones impacting an island or landmass in a given year can be easily calculated. Table 1 tabulates the number of named storms, hurricanes (maximum 1-min sustained winds greater than or equal to 64 kt), and major hurricanes (maximum 1-min sustained winds greater than or equal to 96 kt) that tracked within 50 and 100 miles of each island in the Caribbean and the east coast of Central America over the period from 1900 to 2008. It also displays the probability of one or more named storms, hurricanes, and major hurricanes being within 50 and 100 miles of each island or landmass based on the climatological statistics from 1900 to 2008 and using the Poisson distribution. For all islands where no storm of a particular magnitude tracked within 50 or 100 miles, the probability was set as less than 1% since there is a chance in the future that a storm could impact that area. It is important to note when examining these probabilities that larger countries or islands tend to have higher probabilities. However, if a major hurricane tracks within 50 miles of Cuba, it does not necessarily mean that the entire island will be impacted, whereas a major hurricane tracking within 50 miles of Saint Lucia would impact the entire island.
The reader will note that, in general, the probability of a particular country having a major hurricane track within 50 miles is fairly small in a given year. However, these probabilities grow considerably when longer periods of time are considered. It is important to consider longerperiod odds when building a home or other structure. Table 2 displays the probability of each island or landmass having one or more major hurricanes tracking within 50 miles over 5-, 10-, 25-, and 50-yr periods, respectively. The probabilities for longer periods are calculated by taking the individual-year probability and then using the binomial distribution function:
1 À (1 À one-year probability) number of years .
Note that the probabilities are greater than 90% for most countries when a time period of 50 yr is considered. Therefore, it is imperative that hurricane-resistant structures be constructed throughout the Caribbean and in Central America.
Impacts of ENSO on Caribbean landfall frequency
As mentioned in the introduction, both ENSO (e.g., Gray 1984; Goldenberg and Shapiro 1996; Wilson 1999; Klotzbach 2007 ) and the AMO (Gray et al. 1997; Goldenberg et al. 2001; Klotzbach and Gray 2008) have been shown to impact Atlantic basin storm activity, whereas the focus on impacts in the Caribbean has been primarily limited to ENSO (e.g., Tartaglione et al. 2003) . This study now examines the impact of these indices on tropical cyclone activity in the Caribbean, defined as 108-208N, 608-888W for the purposes of this study. Table 3 displays the number of named storms, named storm days (number of days where tropical cyclones are at least of named storm strength), hurricanes, hurricane days (number of days where tropical cyclones are at least of hurricane strength), major hurricanes, major hurricane days (number of days where major hurricanes are at least of major hurricane strength), and accumulated cyclone energy (ACE) [the sum of the square of a named storm's maximum wind speed (in 10 4 kt 2 ) for each 6-h period of its existence; Bell et al. 2000 ] that were accrued in the Caribbean by year from 1900 to 2008. Activity in the Caribbean varies drastically from year to year, with eight years having no named storm activity over the period from 1900 to 2008 and 1933 having an impressive 15 named storms tracking through the region. The status of 1933 is even more impressive considering that no other year in the database had more than 9 named storms (1916 and 1945) in the region, and 2005 (the most active season on record with 28 total named storms in the Atlantic basin) only had 8 named storms in the Caribbean. The most active year in the Caribbean from an ACE perspective was 2005, followed by 2004, 1955, and then 1933. To examine the impacts of ENSO on Caribbean tropical cyclone activity, I utilize the August-October-averaged Niñ o-3.4 index. The linear correlation between the AugustOctober Niñ o-3.4 index and Caribbean ACE is 20.41 over the period from 1900 to 2008, which is significant at the 99% level, although only explaining about 17% of the variability over the period of the record. As will be demonstrated below, stronger signals can be obtained when examining relatively strong warm and cold ENSO events.
The 25 Gray (1984) documented that the impacts of increased vertical shear driven by El Niñ o events was quite strong in the Caribbean, while Tang and Neelin (2004) documented a strong upper-tropospheric warming and concomitant decrease in potential intensity over the Caribbean associated with warm ENSO events. Therefore, one would expect to see dramatic differences in storm occurrence in the Caribbean between El Niñ o years and other years.
It has been suggested recently that ENSO events can be broken up into two types: eastern Pacific ENSO events, discussed in detail in Rasmusson and Carpenter (1982) , and central Pacific ENSO events, termed El Niñ oModoki and discussed in Ashok et al. (2007) . I have taken the Ashok et al. classifications and assigned the AugustOctober months of 1986, 1990, 1991, 1992, 1994, 2002, and 2004 as El Niñ o-Modoki. The seven most recent warm ENSO August-October months that are not Modoki are 1969 Modoki are , 1972 Modoki are , 1976 Modoki are , 1982 Modoki are , 1987 Modoki are , 1997 Modoki are , and 2006 . The AugustOctober Caribbean basin-averaged shear for both cases is 7.4 m s 21 , indicating that both types of ENSO have a similar impact on the level of vertical shear experienced in the Caribbean. For both types of ENSO, the median ACE in the Caribbean was three units, indicating that both types of ENSO also have a similar impact on overall activity experienced in the Caribbean. Therefore, central and eastern Pacific ENSO events are not separated in this analysis.
I also examined the differences between the 10 warmest and 10 coldest ENSO events since it is to be expected that the strongest events may have the most significant impacts on the strength of vertical wind shear alterations and hence on hurricane activity. Table 4 displays the average per-year number of named storms, named storm days, hurricanes, hurricane days, major hurricanes, major hurricane days, and ACE for the 10 warmest, 25 warmest, neutral, 25 coldest, and 10 coldest years in the Niñ o-3.4 region. The 25 coldest/25 warmest and 10 coldest/10 warmest ratios are also provided. In general, the ratios are between 2.5:1 and 3.5:1 for the 25 coldest/25 warmest ENSO events, indicating large differences in activity between warm and cold years. All means between the 25 warmest and 25 coldest years are statistically significant at the 95% level, using a one-tailed Student's t test and assuming that each year represents an additional degree of freedom. A one-tailed Student's t test is utilized given that, a priori, one would expect a decrease in storm activity during warm episodes and an increase in activity during cold episodes (e.g., Gray 1984) . All remaining statistical significance tests are done with this same assumption. Ratios extend from 3.3:1 for major hurricanes to 7.3:1 for major hurricane days for the 10 coldest versus 10 warmest years. All means between the 10 warmest and 10 coldest years are statistically significant at the 95% level except for major hurricanes (significant at the 90% level). Figure 2 shows the tracks of major hurricanes for the 10 coldest and 10 warmest ENSO years, illustrating the dramatic impacts of ENSO discussed in this section. Figure 3 displays the probabilities of one or more tropical cyclones tracking into the Caribbean in the 10 warmest, 25 warmest, neutral, 25 coldest, and 10 coldest ENSO events using statistics over the period from 1900 to 2008 and the Poisson distribution. The probability of one or more hurricanes and major hurricanes tracking through the Caribbean increase dramatically from 39% and 26% in the 10 warmest ENSO years to 92% and 63% in the 10 coldest ENSO years, respectively. These probabilities certainly bear out the discussion in the preceding sections that ENSO plays a very important role in modulating Caribbean tropical cyclone activity.
This difference in storm activity has been attributed to changes in vertical wind shear over the Caribbean (108-208N, 608-888W). To verify this assertion, I next examine the difference in 200-850-mb zonal wind over the Caribbean during the months of August-October for the 10 warmest and 10 coldest ENSO events over the period from 1948 to 2008 using the National Centers for Environmental Prediction-National Center for Atmospheric TABLE 4. The average per-year number of named storms, named storm days, hurricanes, hurricane days, major hurricanes, major hurricane days, and ACE for the 10 coldest, 25 coldest, neutral, 25 warmest and 10 warmest August-October periods in the Niñ o-3.4 region. The 25 coldest/25 warmest ratio and 10 coldest/10 warmest ratio are also provided. All mean differences between the 25 coldest and 25 warmest, and 10 coldest and 10 warmest are statistically significant at the 95% level differently using a one-tailed Student's t test except for the ratio between major hurricanes for the 10 coldest and 10 warmest August-October periods (significant at the 90% level).
NS NSD H HD MH MHD ACE 10 coldest 4.3 12.5 2.5 6.0 1.0 2.2 27.4 25 coldest 4.6 11.4 2.3 4.7 0.9 1.5 21.8 Neutral 3.2 1.4 0.7 7.3 2.8 1.0 13.3 25 warmest 1.6 3.3 0.7 1.4 0.4 0.6 6.9 10 warmest 1.2 2.6 0.5 0.9 0.3 0.3 4.3 Ratio (25 coldest/25 warmest) 2.9 3.4 3.2 3.4 2.4 2.4 3.1 Ratio (10 coldest/10 warmest) 3.6 4.8 5.0 6.7 3.3 7.3 6.3
Research (NCEP-NCAR) reanalysis (Kistler et al. 2001) . The NCEP-NCAR reanalysis is only available since 1948, which is why this is the period examined in this paper. For the 10 warmest events since 1948, the average 200-850-mb zonal wind shear in the Caribbean was 7 m s 21 compared with only 3 m s 21 in the 10 coldest events since 1948. This difference in shear is statistically significant at the 99% level, confirming previous research discussing the importance of Caribbean vertical shear fluctuations driven by ENSO phase (e.g., Gray 1984).
Impacts of the AMO on Caribbean landfall frequency
The AMO has been thought to impact Atlantic basin tropical cyclone activity through alterations in largescale features over the tropical Atlantic including sea surface temperatures, vertical wind shear, low-level convergence, and the position of the intertropical convergence zone Klotzbach and Gray 2008; Grossmann and Klotzbach 2009) . I begin analyzing the AMO's impacts on activity over the Caribbean basin using the AMO periods as first identified by Goldenberg et al. (2001) and updated by Klotzbach and Gray (2008) . They classified the period from 1900 to 1925 as a cold AMO phase, from 1926 to 1969 as a warm AMO phase, from 1970 to 1994 as a cold AMO phase, and from 1995 to 2008 as a warm AMO phase. Table 5 displays the average per-year activity that occurred in the Caribbean during these four periods. As was seen for basinwide activity in Klotzbach and Gray (2008, their None of the differences between 1926-69 and 1900-25 is statistically significant at the 90% level, whereas all of the differences between 1995-2008 and 1970-94 are statistically significant at the 95% level. The 1995-2008 period has been very active in the Caribbean when compared with tropical cyclone statistics since 1900. Given that activity during the earlier part of the twentieth century may have been underestimated (e.g., Landsea et al. 2006; Knutson et al. 2010) , according to the best-track dataset, four of the most active years in the Caribbean for ACE have occurred since 1998 (1998, 2004, 2005, and 2007) . It is also of importance to note that 9 of the 10 most active ACE years in the Caribbean occurred when the AMO was judged to be in its positive phase. The only exception was 1988, which was characterized by the strongest La Niñ a event since 1900 as defined by the August-October Niñ o-3.4 index.
Impacts of a combined ENSO/AMO index on Caribbean landfall frequency
As has been shown in the previous two sections, both ENSO and the AMO play an important role in altering levels of Caribbean tropical cyclone activity. These relationships are greater when these two indices are treated in combination. Table 6 displays the average per-year activity that occurred in the Caribbean during the 10 warmest and 10 coldest ENSO events when the AMO was positive (e.g., 1926-69, 1995-2008) and when the AMO was negative . The impacts of ENSO are reduced slightly when the AMO is positive. For example, when the AMO is positive, the 10 coldest 2 10 warmest ENSO difference average ACE is reduced from 32 to 14 units (44% as much ACE), whereas when the AMO is negative, the 10 coldest 2 10 warmest difference in ACE is reduced from 18.9 to 1.9 (10% as much). Similar differences are seen for hurricanes (48% versus 9%) and hurricane days (45% versus 5%). The signal is much weaker for named storms, which is to be expected, given that weaker tropical cyclones can form in years with large-scale climate conditions that are not particularly conducive. Even though El Niñ o is unfavorable for tropical cyclones, in a positive AMO phase some tropical cyclones can still form and intensify, given that other large-scale climate parameters such as tropical Atlantic sea surface temperatures are likely still somewhat favorable for tropical cyclone formation. A negative AMO phase and El Niñ o combine to provide large-scale climate features that are especially hostile for tropical cyclones.
ENSO clearly dominates over the AMO on an interannual basis. Note the especially drastic relationship between a warm ENSO event and a negative AMO compared with a cold ENSO event and a positive AMO. All of these means are statistically significantly different at the 99% level. Dramatic differences are also seen when converting these values to probabilities using the Poisson distribution. For example, given the statistics of the 1900-2008 period, the probability of one or more hurricanes impacting the Caribbean when the AMO is positive and one of the 10 strongest cold ENSO events is in progress is 95%, whereas when the AMO is negative and one of the 10 strongest warm ENSO events is in progress, the probability is reduced to only 18%. Figure 4 displays the tracks of hurricanes that occurred in the Caribbean during the 10 coldest ENSO years in a warm AMO phase (29 hurricanes) and in the 10 warmest ENSO years in a cold AMO phase (2 hurricanes). Sixtyfive hurricane days occurred during the 10 coldest ENSO years in a warm AMO phase, compared with only 1.75 hurricane days in the 10 warmest ENSO years in a cold AMO phase. Therefore, given the knowledge of which AMO phase one is currently in combined with an accurate prediction of ENSO provides a very powerful predictor for Caribbean tropical cyclone activity.
Conclusions and future work
This paper examines Caribbean tropical cyclone activity over the period from 1900 to 2008. Probabilities of named storms, hurricanes, and major hurricanes impacting every island in the Caribbean and every country in Central America are presented. The impacts of the El Niñ o-Southern Oscillation (ENSO) and the Atlantic multidecadal oscillation (AMO) on levels of Caribbean activity are then examined in detail. Many more tropical cyclones occur in the Caribbean during La Niñ a events than during El Niñ o events, confirming previous studies on the issue (Gray 1984; Tartaglione et al. 2003 ). The AMO is also shown to impact the number of tropical cyclones occurring in the Caribbean, with the recent positive AMO period from 1995 to 2008 showing significantly TABLE 5. The average per-year number of named storms, named storm days, hurricanes, hurricane days, major hurricanes, major hurricane days, and ACE that occurred during the periods 1900-25, 1926-69, 1970-94, and 1995-2008, respectively (1926-69/1900-25) 1.2 1.3 1.5 1.1 1.2 1.9 1.3 Ratio (1995-2008/1970-94) 2.1 3.3 3.8 2.6 3.5 3.4 3. 2   TABLE 6 . As in Table 5 , but for during the 10 coldest ENSO events when the AMO was positive, the 10 warmest ENSO events when the AMO was positive, the 10 coldest ENSO events when the AMO was negative, and the 10 warmest ENSO events when the AMO was negative. The ratio between the 10 coldest AMO events when the AMO was positive and the 10 warmest ENSO events when the AMO was negative is also provided. more storms than the previous negative AMO period from 1970 to 1994. When the AMO and ENSO are considered in combination, the relationships are of an even stronger magnitude. Other large-scale climate factors besides the AMO and ENSO clearly also play a role in impacting Caribbean hurricane activity. As mentioned earlier, the AMO only signals active versus inactive multidecadal periods for tropical cyclones. On an interannual basis, other factors such as tropical Atlantic sea surface temperatures (Saunders and Lea 2008) , the size of the Atlantic warm pool (Wang et al. 2008) , and tropical Atlantic sea surface temperature gradients and low-level trade wind strength as measured by the Atlantic meridional mode ) also play a critical role in influencing levels of Atlantic basin and Caribbean hurricane activity.
Some research has been conducted into the potential impact of the AMO on multidecadal fluctuations of ENSO. Timmermann et al. (2005) document a weakening of ENSO events with a weakening of the thermohaline circulation (e.g., a negative phase of the AMO), whereas Dong et al. (2006) document the opposite impact (e.g., a positive phase of the AMO weakens ENSO events).
The disagreement may be because Timmermann et al. (2005) focus on changes in the large-scale ocean circulation, while Dong et al. (2006) focus on atmospheric changes. Further documentation of these relationships will help in better understanding the impacts of both of these modes on Caribbean basin hurricane activity.
In the future, I intend to investigate the relationship between ENSO and the AMO on specific Caribbean islands. In addition, given the very strong impact of ENSO on Caribbean tropical cyclone activity, seasonal forecasts for Caribbean-only activity will be considered in future years. Viewing the Caribbean as a separate area for prediction from the remainder of the Atlantic basin may add skill to the currently issued Atlantic basin seasonal forecasts by the author and W. M. Gray of the Tropical Meteorology Project at Colorado State University.
